The forest height is an important forest resource information parameter and usually used in biomass estimation. Forest height extraction with PolInSAR is a hot research field of imaging SAR remote sensing. SAR interferometry is a well-established SAR technique to estimate the vertical location of the effective scattering center in each resolution cell through the phase difference in images acquired from spatially separated antennas. The manipulation of PolInSAR has applications ranging from climate monitoring to disaster detection especially when used in forest area, is of particular interest because it is quite sensitive to the location and vertical distribution of vegetation structure components. However, some of the existing methods can't estimate forest height accurately. Here we introduce several available inversion models and compare the precision of some classical inversion approaches using simulated data. By comparing the advantages and disadvantages of these inversion methods, researchers can find better solutions conveniently based on these inversion methods.
INTRODUCTION
Forest height is important information of forest and usually used in modeling of biomass estimation. PolInSAR system based on the coherent combination of radar interferometry and polarimetry has shown great potential for forest height retrieval as it is sensitive to the vertical structure and physical characteristics of the scattering media and is becoming an important technique for forest parameters extraction. Cloude and Papathanassiou studied this kind of problem firstly and defined the polarimetric interferometric coherence coefficient. They pointed out that the forest parameters can be extracted from this coefficient. Traditional phase difference inversion approach such as DEM differencing method, ESPRIT method is limited by the estimated accuracy of the phase center. These defects limit its application to a certain extent. The three-stage inversion algorithm based on random volume over ground (RVoG) model describes the relation of forest height and polarimetric interferometric coherence. This algorithm is quite simple to implement and widely used and a great number of improvement methods have appeared later. Lu updated the RVoG model to a sloped random volume over ground (S-RVoG) model which describes the dependence of the complex coherence on forest height, wave extinction and especially the local range terrain slope. Lavalle studied the temporal coherence and proposed the random motion over ground (RMoG) model. This model successfully solved the influence of temporal coherence by introducing a new parameter termed temporal decorrelation factor t  . These studies are of great significance to the development of PolInSAR. Based on the aforementioned research, we introduce several available inversion models and algorithms and compare the precision of some classical inversion approaches using simulated PolInSAR data with 14m standard mean height in order to explore and develop a better inversion method.
PHASE DIFFERENCE INVERSION METHOD

DEM Differencing Approach and PD Coherence Optimization
This method proposed by Cloude and Papathanassiou (Cloude, 1998) simply define forest height as a phase difference between interferogram of the polarization channel dominated by "pure" volume scattering from the forest canopy and that of the polarization channel dominated by "pure" surface scattering from the ground surface without assuming a forest vertical structure reflectivity function. Then forest height is obtained as,
is the effective wave number,  is the angle of incidence and   is the apparent angular separation of the baseline from the scattering point, v  is complex coherence corresponding "pure" volume scattering mechanism, s  is complex coherence corresponding "pure" surface scattering mechanism. This method selected HV polarization to obtain v  and HH-VV polarization to compute s  . Because coherence phase difference between these two polarizations is small, forest height will be significantly underestimated. In order to improve the accuracy of phase estimation, Tabb (Tabb, 2002) proposed the PD coherence optimization algorithm. This algorithm is to find two polarization states whose complex coherence shows the largest phase difference in complex plane, which can be solved by finding the eigenvectors of Eq.(3) that maximize the cotangent of the phase of the complex coherence shown as Eq.(2). 
ESPRIT Method
The ESPRIT algorithm introduced by Yamada (Yamada, 2001) assumes that there are two scattering phase centers corresponding to the canopy scattering mechanism and the ground scattering mechanism respectively and then extract the forest height using the two separated phase centers. Because the interferometry phase depends strongly on the medium under observation (Yamada, 2006) , in the case of backscattering in a reciprocal medium, the signals acquired during a polarimetric interferometric measurement can be represented by,
where T denotes the vector transposition. The ESPRIT algorithm define the overall data vector x and its correlation matrix as,
x  is the ensemble average in the data processing and * represents the complex conjugation. Then we can estimate the number of dominant scatters d by the eigenvalue of xx R ,which is given as, Figure 1 shows the correlation coefficient distribution in the complex plane. It can be seen that the complex coherence follows a straight line in the coherence unit circle which intersects the circle at two points. One of the two points corresponds to the underlying topography phase, so this point is called the true ground phase point; the "pure" volume coherence will be furthest away in distance from the true ground phase point along the line. According to this principle, Cloude and Papathanassiou (Cloude, 2003) 
S-RVoG Model
The S-RVoG model (Lu, 2013 ) based on RVoG model describes the dependence of coherence on forest height, average extinction and especially the local range terrain slope. By aligning the reference frame along the local terrain slope and changing the corresponding radar geometrical configuration, a significant model complexity reduction is achieved. This model changes the volume coherence as follow, 
RMoG Model
The RMoG model (Lavalle, 2015) is the ground topographic phase and 12 , pp and 3 p are defines as,
Data Sets Introduction
The simulated data from PolSARProSim software is used for this syudy. The center frequency is at 1.3GHz and the incidence angle is 45 degree. The platform altitude is at 3000m above ground with -6.1m vertical baseline and 6.01m horizontal baseline, respectively. The data were processed for 1.5m range resolution and 1.5m resolution in azimuth.
The forest region covers a 0.5Ha area whose stand density is 300stem/Ha. The dominant tree species of this area is composed of deciduous and the stand height is 14m. The top of image corresponds to far range which can be identified due to the shadowing effect at the borders of the forest. The forest scenario considered is the placed above a Bragg surface with slightly sloped terrain. Figure 2 shows the Pauli decomposition image of the simulated data with 129 pixels in range and 111 in azimuth. 
Experiment Result Analysis
Figure 3 is a plot of the forest height estimation of DEM differencing method in the 52th row of azimuth transect line. It can be seen that the forest height ranges from 0m to 5.5m with 2.80m mean height. Compared with the actual 14m tree height, forest height is significantly underestimated because the difference between coherence phase of HV and HH-VV is small.
Figure 3. Height estimation result of DEM differencing method
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W7, 2017 ISPRS Geospatial Week 2017 , 18-22 September 2017 Forest height for data sets is obtained using DEM differencing method with H  and L  defined by the PD polarimetric interferometric coherence optimization algorithm. Figure 4 shows the result image with forest height ranges from 0m to 6.5m. The mean height is 2.91m. Compared with DEM differencing method, the result has a certain improvement but still significantly underestimate the forest height. The result indicates the capability for PD coherence optimization algorithm to extract coherent component of "pure" volume scattering and "pure" surface scattering mechanism is limited. Figure 4 . Height estimation result of DEM differencing method with PD coherence optimization Figure 5 is the height estimation result using ESPRIT method.
We can see that tree height ranges 0m to 23m with 11.08m mean height. Compared with the actual 14m tree height, there are biased in tree height retrieval results due to the existence of depolarized components. When the terrain slope is set to 20% with other parameters remain, the results of Three-Stage inversion method using RVoG model and S-RVoG model are shown as Figure 6 and Figure 7 , respectively. As the plots confirm, the height of RVoG model ranges from 2m to 15m and the mean height is 7.95m. In other side, for S-RVoG model, the height ranges from 2m to 16m with 8.30m mean height. The result is improved to a certain extent. It can be seen that a direct application of the RVoG model inversion will yield some errors in the estimation without consideration of the local terrain slope. The performance comparison of these inversion methods is listed in Table 1 . Obviously, these methods all underestimate tree height especially the DEM differencing method. PD coherence optimization algorithm has a certain improvement compared with DEM method. But the result shows that the capability for this algorithm is limited. The S-RVoG model can be able to correct the terrain distortion effectively and provide more accurate estimation of forest height than the RVoG model. But the result still makes the height underestimated. We don't verify the RMoG model, but it still deserves trying because the temporal decorrelation has always been an important influence for the inversion accuracy. 
CONCLUSION
Several available inversion models and algorithms were introduced in this paper. We compared the precision of some classical inversion approaches using simulated PolInSAR data. The experiment results indicate that these methods all underestimate the tree height and still need to improve. In order to explore and develop a better inversion method, further work need to be done.
